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1
PERSONALIZED ENTITY REPOSITORY

BACKGROUND

The use of mobile devices, such as smart phones, wear-
able devices, tablets, laptops, etc., has been increasing. By
understanding the content viewed by and actions taken by a
user, the mobile device can build a much better user expe-
rience, for example by offering personalized predictions and
assistance to the user. Part of understanding the content and
actions involves identifying and classifying entities recog-
nized in the content of the device screen. The entities may
exist in an entity repository, such as a knowledge base or
vision model, which stores facts and information about
entities. Large, public entity repositories may include mil-
lions of such entities. Most computing devices, especially
mobile computing devices, such as smart phones and tablets,
have limited storage and use the entity repository via a
connection with a server.

SUMMARY

Implementations divide an entity repository into several
fixed sets or slices. A set may be location-based, topic-based,
action-based, or functional. The system may determine the
sets at a server and provide only those sets to a client device
that are relevant to that particular client. The sets down-
loaded to the client are a personalized entity repository that
can be accessed without connection to the server. The client
device may include a set identification engine. The set
identification engine may include a prediction model that
predicts one or more sets given some text, images, or other
features. The prediction model may be used to determine
which sets are most beneficial to the user. The set identifi-
cation engine may also track a location of the user to
determine which location sets may be most relevant.

Sets may be ranked for the user of the client device, e.g.,
based on the user’s location, a user’s search history, content
the user has been viewing on the device, time of day, signals
from other devices, etc. Thus, for example, if a user begins
researching a trip to Hawaii, the system may determine that
a set with entities related to Hawaii is particularly relevant
to the user. If a user flies from New York to Los Angeles, the
system may determine location sets for Los Angeles are
relevant. The client device may use the rankings to deter-
mine which sets to retrieve and which to delete from
memory. For example, if a set previously downloaded is no
longer relevant, the system may remove that set to make
room for another set. The system may employ set usage
parameters to determine which sets to include in the per-
sonalized entity repository at any time. In some implemen-
tations, the user may establish and control the set usage
parameters. Updating a set may include determining a delta
for the set to reduce the data transferred to the client device.
In some implementations, the sets may be versioned, e.g., so
that a schema change does not break the applications using
the model.

According to certain aspects of the disclosure, a mobile
device comprises a display device, a personalized entity
repository stored in memory, the personalized entity reposi-
tory including a plurality of fixed sets of entities from an
entity repository stored at a server, wherein each fixed set
has a respective identifier and includes information about the
entities in the set, at least one processor, and memory storing
instructions that, when executed by the at least one proces-
sor, cause the mobile device to perform operations. The
operation include identifying fixed sets of the entity reposi-
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2

tory that are relevant to a user of the mobile device based on
context associated with the mobile device, ranking the fixed
sets by relevancy, determining selected sets from the iden-
tified fixed sets using the rank and set usage parameters
applicable to the user, and updating the personalized entity
repository using the selected sets.

According to certain aspects of the disclosure, a method
includes receive a screen captured image configured to
display content on a display of a mobile device, determining
text in the image by performing text recognition on the
image, providing the text to a set prediction model, wherein
the set prediction model is trained to predict one or more
fixed sets of entities, and storing at least one fixed set of
entities of the predicted fixed sets of entities in a personal-
ized entity repository in memory on the mobile device.

According to certain aspects of the disclosure, a method
may include generating a plurality of fixed sets of entities
from an entity repository. The fixed sets include location-
based sets, each location-based set including entities from
the entity repository that have a location inside a cell, the cell
being associated with the set, and topic-based sets, at least
some of the topic-based sets including entities from the
entity repository that are related to each other via an embed-
ding similarity. The method may also include providing a
subset of the fixed sets of entities to a client device, the client
device requesting the subset based on a location of the client
device and on recognized items identified in content gener-
ated for display on the client device.

In one general aspect, a computer program product
embodied on a computer-readable storage device includes
instructions that, when executed by at least one processor
formed in a substrate, cause a computing device to perform
any of the disclosed methods, operations, or processes.
Another general aspect includes a system and/or a method
for generating fixed sets of entities in an entity repository
and providing some of the fixed sets to a personal computing
device as a personal entity repository, substantially as shown
in and/or described in connection with at least one of the
figures, and as set forth more completely in the claims.

One or more of the implementations of the subject matter
described herein can be implemented so as to realize one or
more of the following advantages. As one example, gener-
ating fixed sets of entities enables the system to provide
personal or custom entity repositories in a scalable way. The
customized entity repository can aid in on-device text analy-
sis and image analysis to support user assistance capabilities
even without connectivity to a network. The user may
control the amount of resources dedicated to the personal
entity repository and the system may automatically deter-
mine which sets best utilize the allocated resources. As
another example, the system may predict which sets are
most relevant to a user. The prediction may be based on a
number of factors specific to the user and/or the personal
computing device, such as location, time of day, signals
from other computing devices associated with the user or
known to the device, recent activity on the computing
device, etc. As another example, implementations may sup-
port versioning of the sets, so that a change that restructures
the information in the set does not break applications that
use the set.

The details of one or more implementations are set forth
in the accompanying drawings and the description below.
Other features will be apparent from the description and
drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating an example system
in accordance with the disclosed subject matter.
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FIG. 2 illustrates an example display of a user interface
for specifying set usage parameters for a personalized entity
repository, in accordance with the disclosed subject matter.

FIG. 3 illustrates an example display of content that
provides context for determining which sets are most rel-
evant to a user of the computing device, in accordance with
disclosed implementations.

FIG. 4 illustrates an example display of a user interface
for suggesting additional sets for inclusion in a personalized
entity repository, in accordance with disclosed implementa-
tions.

FIG. 5 illustrates another example display of a user
interface for suggesting additional sets for inclusion in a
personalized entity repository, in accordance with disclosed
implementations.

FIG. 6 illustrates a flow diagram of an example process
for generating and updating fixed sets of entities, in accor-
dance with disclosed implementations.

FIG. 7 illustrates a flow diagram of an example process
for building a personal entity repository using fixed sets of
entities, in accordance with disclosed implementations.

FIG. 8 illustrates a flow diagram of an example process
for identifying fixed sets of entities relevant to a user of a
client device, in accordance with disclosed implementations.

FIG. 9 illustrates a flow diagram of an example process
for selecting fixed sets of entities from fixed sets of entities
relevant to a user of a client device based on set usage
parameters, in accordance with disclosed implementations.

FIG. 10 shows an example of a computer device that can
be used to implement the described techniques.

FIG. 11 shows an example of a distributed computer
device that can be used to implement the described tech-
niques.

Like reference symbols in the various drawings indicate
like elements.

DETAILED DESCRIPTION

FIG. 1 is a block diagram of a personal entity repository
system in accordance with an example implementation. The
system 100 may be used to build a personalized entity
repository from selections of pre-computed or fixed sets of
entities. The sets are fixed in the sense that they are com-
puted ahead of any particular request for a set, or in other
words are not generated in response to a request for a set.
The system 100 may determine which sets are most useful
at a particular point in time and may update the personalized
entity repository to ensure entities in the personalized
repository are relevant to the user. Updating the personalized
entity repository includes deleting sets that are less relevant
to the user now than before and adding new sets that have
become relevant. The personalized entity repository may be
used to determine entities in content generated for display on
a computing device to personalize a user experience on the
computing device. Personalizing the user experience can
include predicting actions, topics, words, or phrases, etc.
The system 100 in FIG. 1 is illustrated as a client-server
system, with some data processing or data storage occurring
at a server 110 and other data processing occurring at the
client device 150. However, other configurations and appli-
cations may be used and implementations are not limited to
the exact configurations illustrated.

The personalized entity repository system 100 may
include a server 110, which may be a computing device or
devices that take the form of a number of different devices,
for example a standard server, a group of such servers, or a
rack server system. For example, server 110 may be imple-
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mented in a distributed manner across multiple computing
devices. In addition, server 110 may be implemented in a
personal computer, for example a laptop computer. The
server 110 may be an example of computer device 900, as
depicted in FIG. 9, or computer device 1100, as depicted in
FIG. 11. Server 110 may include one or more processors
formed in a substrate configured to execute one or more
machine executable instructions or pieces of software, firm-
ware, or a combination thereof. The processors can be
semiconductor-based that is, the processors can include
semiconductor material that can perform digital logic.

The server 110 may store or have access to entity reposi-
tory 130. The entity repository 130 may store information
about entities. An entity may be may be a person, place,
item, idea, topic, word, phrase, abstract concept, concrete
element, other suitable thing, or any combination of these. In
some implementations, the entity repository 130 may be a
knowledge base, which stores information about entities. In
some implementations, a knowledge base stores information
about entities in the form of relationships between entities.
For example, entities in a knowledge base may be related to
each other by labeled edges that represent relationships. The
knowledge base may also store attributes of an entity. Some
knowledge bases are large, sometimes including millions of
entities. A knowledge base with a large number of entities
and even a limited number of relationships may have
billions of connections.

The entity repository 130 may also include image recog-
nition entities that can be used to identify an entity in an
image. For example, the entity repository 130 may include
entities that represent known images of the entity and/or
characteristics of the image and are used in image recogni-
tion processes (e.g., using image similarity techniques) to
identify entities in images. For example, the characteristics
may be features provided to an image recognition model
(e.g., machine learning algorithm). The entity repository 130
may represent a single knowledge base, a combination of
distinct knowledge bases, image recognition entities, and/or
a combination of a knowledge base and image information.
In some implementations, entity repository 130 may be
stored in an external storage device accessible to server 110.
In some implementations, the entity repository 130 may be
distributed across multiple storage devices and/or multiple
computing devices, for example multiple servers. The enti-
ties and relationships in a knowledge base may be search-
able, e.g., via an index. For example, the index may include
text by which an entity has been referred to. Thus, reference
to the knowledge base may be understood to include an
index that facilitates finding an entity using a text equivalent.

The server 110 can also include one or more computer
memories. The memories, for example, a main memory,
may be configured to store one or more pieces of data, either
temporarily, permanently, semi-permanently, or a combina-
tion thereof. The memories may include any type of storage
device that stores information in a format that can be read
and/or executed by the one or more processors. The memo-
ries may include volatile memory, non-volatile memory, or
a combination thereof, and store modules or engines that,
when executed by the one or more processors, perform
certain operations. In some implementations, the modules
may be stored in an external storage device and loaded into
the memory of server 110. In some implementations, the
modules may include entity set generation engine 120. The
entity set generation engine 120 may divide entities in an
entity repository 130 into fixed entity sets 132. Each set in
the fixed entity sets 132 may be thought of as a slice of the
entity repository 130 that includes entities related by some
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criteria. In some implementations a slice may contain meta-
data about an entity (e.g., name, description, canonical
image), relationships with other entities, and/or information
used to detect the entity in text, such as common names,
aliases, abbreviations, nicknames, and other signals. Each
fixed set of entities in the fixed entity sets 132 may have an
identifier so that a particular set can be tracked, identified,
and requested by applications or client devices.

In some implementations, the entity set generation engine
120 may generate various types of sets, such as location-
based sets, topic-based sets, or functional sets. A location-
based set may include entities associated with a particular
geographic cell. A geographic cell is an area of the surface
of the earth defined by boundaries, for example two lines of
latitude and two lines of longitude. Such cells are common
for map applications, such as GOOGLE MAPS. A location-
based fixed set of entities may include any entities known to
be located within the cell. The entity repository 130 may
include an attribute that specifies a location for an entity or
may include metadata identifying the location. For example,
a restaurant entity in entity repository 130 may have a
location attribute specifying a particular geo cell or cells or
latitude/longitude coordinates. While geo cells, i.e., cells
used in a map application, are typically of similar size,
location-based entity sets need not correspond to one geo
cell but may be based, instead, on an area having a specified
number of entities located within the area. Thus, for
instance, a cell for a location-based set of entities in New
York City may be quite small (e.g., ten square miles)
because it is densely populated while a cell for a location-
based set of entities in western Wyoming may be hundreds
of square miles but have the same number of entities as the
cell in New York City. Thus, for example, the entity set
generation engine 120 may merge adjacent geo cells until
the quantity of entities associated with the merged cell
reaches a minimum quantity and fauns a location-based cell
for a fixed set of entities.

The entity set generation engine 120 may also generate
topic-based fixed sets of entities. In some implementations,
the entity set generation engine 120 may generate topic-
based sets by clustering the entities using conventional
clustering techniques based on how related entities are. For
example, the clustering may be based on characteristics of
the entities, e.g., embeddings, trained on search records or
on text such as text from documents indexed for a search
engine. In some implementations, the entity set generation
engine 120 may be given a seed entity and may form a
cluster based on the seed entity. In some implementations,
one or more topic-based sets may be based on collections
identified in the entity repository. For instance, entities in the
entity repository 130 may include an indication of one or
more collections that the entity belongs to or the entity
repository 130 may include a collection definition, or in
other words requirements for inclusion in the collection, and
entities may be evaluated against the requirements to deter-
mine membership in the collection. The entity set generation
engine 120 may use entity membership in the collection to
generate one or more of the topic-based sets. In some
implementations, the entity set generation engine 120 may
compute an embedding for each topic-related slice. The
embedding may be used to compute similarity with a query
embedding, e.g., generated by a set identification engine, to
determine which sets are most similar to the query embed-
ding. For example, the embedding may represent a cluster
center.

The entity set generation engine 120 may also generate
functional sets of entities. A functional set may include
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entities that are deemed most popular, e.g., entities that are
most frequently searched for or accessed, for example based
on appearance in search queries. A functional set may also
be based on a capability, for example the capability to
translate from one language to another. As another example,
a functional set may include entities likely to be encountered
when using or requested by a particular application. Of
course, these functional sets are provided as examples only
and functional entity sets may include any collection of
entities common to a particular purpose, characteristic, or
function. In some implementations, the entity set generation
engine 120 may generate fixed sets of entities that are
combinations of the above. For example, the entity set
generation engine 120 may generate a fixed set of entities for
restaurants in San Jose California or another set for artwork
recognition in Paris France. In some implementations, the
entity set generation engine 120 may include a user interface
that enables a user to curate one or more fixed sets of
entities.

The entity set generation engine 120 may also update the
fixed sets of entities 132 periodically. For example, as
entities are added, deleted, or updated in the entity reposi-
tory 130 the entity set generation engine 120 may determine
changes to the fixed sets. In some implementations, the
entity set generation engine 120 may determine deltas for
each set, for example a list of entities to be deleted from the
fixed set and a list of entities to be added to the fixed set. The
entity set generation engine 120 may provide the deltas to
the client device 150, either as a push or a pull. The deltas
reduce the amount of data transmitted between the server
110 and the client device 150 while still enabling the client
device 150 to have the most current entity sets. This is
especially useful when a particular fixed entity set changes
often, such as a set of entities that represents movies. In
some implementations, the entity set generation engine 120
may also version each of the fixed sets, also referred to as
slices. For example, the entity set generation engine 120
may change the data format of the slices or may change the
slices in another way that breaks the schema. When the
schema is broken the applications that uses the slices may
need a corresponding update to use the new slices. Accord-
ingly the entity set generation engine 120 may version the
fixed sets so that applications that have not been updated
may continue to use older versions without malfunctioning.
In some instances, the client device 150 may include two
versions of the same fixed slice (e.g., a slice representing a
particular location), until applications that use the old
schema are updated.

In some implementations, the entity set generation engine
120 may also train and maintain a set prediction model 122.
A set prediction model, such as set prediction model 122,
may be any type of machine-learning algorithm, such as a
long short-term memory (LSTM) neural network, feed-
forward neural network, a support vector machine (SVM)
classifier, etc., that can predict a fixed set of entities given a
set of features or signals. The features may include a device
location, text or images in content (e.g., documents, search
records, etc.), applications typically used for various tasks,
etc. As a machine-learning algorithm, the set prediction
model has two modes, a training mode and an inference
mode. For example, in the training mode the set prediction
model 122 may use labeled search records 134 and labeled
crawled documents 136 to predict one or more fixed sets of
entities from fixed entity sets 132 given a set of signals. The
labels may be created automatically or by human experts.
The signals may be taken from content generated on a client
device, such as device 150 or from search records, such as
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search records 134 or user-specific records such as screen
capture index 172. In a training mode the set prediction
model 122 may also take in a location as a signal (e.g.,
current geo cell location, coordinates, etc.) to predict a set of
entities for the given location. During training the param-
eters of the model are updated to better reflect the labels
assigned to text in the training documents. In an inference
mode, the set prediction model 122 will predict one or more
fixed entity sets from fixed entity sets 132 in response to a
set of features that represents the signals. Each predicted set
may have an associated confidence score or probability
score indicating a level of certainty that the features pro-
vided predict the particular fixed set of entities. In some
implementations, the confidence score may be based on a
similarity measure which may differ depending on the type
of set. For example, the confidence score for a location-
based sets may be based on physical distance from a
specified location, e.g., the current location of a computing
device. The confidence score for a topic-based set may be
based on an embedding distance with a query, such as an
embedding generated based on signals from a client device.
Such signals can include text recently seen on the screen, the
state or proximity of external devices, content of recent
searches, stated user interests, an application installed or
executing on the client device, a time stamp, etc.,

Once trained, and then on a periodic basis to account for
updates, the entity set generation engine 120 may provide
the set prediction model 122 to the client device 150. The
client device 150 may store the model as set prediction
model 164. In some implementations, the client device 150
may personalize the set prediction model 164 by performing
further training. The training may use information from
search records associated with the user, for example from
search records stored at client device 150 or screen capture
index 172. Thus the set prediction model 164 may be a copy
of set prediction model 122 or a personalized copy of set
prediction model 122.

The server 110 may include search records 134 and
crawled documents 136. The search records 134 may
include search logs, aggregated data gathered from queries,
or any other data based on queries. In some implementa-
tions, the search records 134 may be generated by a search
engine in the normal process of generating search results. In
some implementations, the search records 134 may be stored
on a different computing device that is accessible to server
110. In some implementations, the search records may be
distributed across a plurality of computing devices. The
crawled documents 136 may be documents obtained using
known or later developed web-crawling techniques, for
example. In some implementations, the crawled documents
136 represent documents available over the Internet and may
be an indexed form of the documents.

The personalized entity repository system 100 may
include a computing device 150. Computing device 150 may
be any mobile computing device, such as a smartphone or
other handheld computing device, a tablet, a wearable
computing device, etc., that operates in a closed mobile
environment rather than a conventional open web-based
environment. Computing device 150 may also be other types
of personal electronic computing devices, such as a laptop or
net-based computer, a desktop computer, a television with a
processor, etc. Computing device 150 may be an example of
computer device 1000 or 1050, as depicted in FIG. 10.
Computing device 150 may be a computing device used by
a single user, or can be a computing device shared by
multiple users.
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Computing device 150 may include one or more proces-
sors formed in a substrate configured to execute one or more
machine executable instructions or pieces of software, firm-
ware, or a combination thereof. The processors can be
semiconductor-based—that is, the processors can include
semiconductor material that can perform digital logic. The
computing device 150 may thus include one or more com-
puter memories configured to store one or more pieces of
data, either temporarily, permanently, semi-permanently, or
a combination thereof. The computing device 150 may thus
include applications 155, which represent machine execut-
able instructions in the form of software, firmware, or a
combination thereof. The components identified in the appli-
cations 155 may be part of the operating system or may be
applications developed to run using the operating system. In
some implementations, applications 155 may be mobile
applications. Conventionally, mobile applications operate in
a closed environment, meaning that the user employs sepa-
rate applications to perform activities conventionally per-
formed in a web-based browser environment. For example,
rather than going to bookit.com to book a hotel, a user of the
computing device 150 can use a mobile application in
applications 155 provided by bookit.com. Applications 155
may also include web applications, which may mirror the
mobile application, e.g., providing the same or similar
content as the mobile application. In some implementations,
the applications 155 may include functions performed by an
operating system of the computing device 150.

The applications 155 may include a screen content agent
160 and a set identification engine 162. In some implemen-
tations, one or more of these applications can be provided by
the operating system (not shown) of the computing device
150. In some implementations, one or more of these appli-
cations can be downloaded and installed by the user.

The screen content agent 160 can include various func-
tionalities. In some implementations, the screen content
agent 160 may be configured to get textual information
represented on the screen of the computing device from an
application program interface (API). In some implementa-
tions, the screen content agent 160 may be built into the
operating system, which can determine the content of text
fields displayed on the screen. The textual information may
be considered screen captured content, and each call to the
API or each time the content of text fields is determined may
be considered a screen capture. In some implementations,
the screen content agent 160 may be configured to capture
the image displayed on the screen by copying or reading the
contents of the device’s frame buffer. Thus, the captured
screen may be an image and may be referred to as a captured
image. The screen content agent 160 may capture the screen
at intervals. The interval can be small, for example every
half second or every second. In some implementations, the
screen content agent 160 may be configured to capture the
screen every time a touch event occurs (e.g., every time the
user touches the screen to scroll, zoom, click a link etc.), in
response to an explicit user request or command, or when
the device transitions from one mobile application to another
mobile application. In some implementations, the screen
content agent 160 may increase the interval at which a
screen capture occurs when the screen does not change. In
other words, when the screen is static, the screen content
agent 160 may capture images less often.

The screen content agent 160 may provide the captured
content or screen images and metadata to a recognition
engine, which may be part of the screen content agent 160
and located on the computing device 150. In some imple-
mentations, the recognition engine may be located at a
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server, such as server 110. When a screen capture image is
provided to the recognition engine, the recognition engine
may perform image and text recognition on the image to
identify words, entities, logos, etc. in the content of the
screen capture image. The recognition engine may be con-
figured to perform various types of recognition, such as
character recognition, image recognition, logo recognition,
etc., using conventional or later developed techniques. Thus,
the recognition engine may generate recognized content,
which can be from words as well as from images.

The screen content agent 160 may also determine and use
metadata about the screen capture image. The metadata may
include the timestamp, the mobile device type, a mobile
device identifier, the mobile application running when the
content was captured, e.g., the application that rendered the
content displayed on the screen, etc. In some implementa-
tions, the metadata may also include which applications are
active, the location of the device, ambient light, motion of
the device, etc. In some implementations, the metadata may
include signals from other computing devices. For example,
the screen content agent 160 may be provided or may obtain
information from external devices such as appliances, tele-
visions, personal assistants, music devices, alarm systems,
etc., that are configured to communicate with the client
device 150. For instance, a voice-activated electronic list
making device may store a list of grocery items to be
purchased. This list may be transmitted to the client device
150 either directly from the electronic list making device or
via user account information. As another example, a user
may have a tablet and a smartphone that share information
or a husband and a wife may have smartphones that share
information. Thus, in some implementations, the informa-
tion available to the client device 150 may include infor-
mation that is provided by other devices. Some or all of this
information can be included in metadata associated with a
screen capture image.

The system may use the metadata and information
obtained via the screen capture image to assist in on-device
intelligence that analyzes the information to assist the user
with tasks performed on the mobile device. For example, a
user having a conversation with a friend may include the
suggestion to see a movie. On-device intelligence may
identify the suggestion and offer an action for viewing a
movie review or for buying tickets. The screen content agent
160 may use an entity repository to determine whether
recognized content includes known entities. While the
screen content agent 160 may use a public entity repository,
such as entity repository 130, this requires a connection with
server 110 and can slow down the recognition and action
suggestion process. Accordingly, the client device 150 may
have a personalized entity repository 176, stored on the
client device 150. The personalized entity repository 176
may be a collection of fixed sets of entities, which are
obtained from the server 110, for example from fixed entity
sets 132. The personalized entity repository 176 may be
generated and maintained by the set identification engine
162.

In some implementations, the screen content agent 160
can include an indexing engine configured to index the
captured content. The index may also associate a screen
capture image with the text, entities, images, logos, etc.
identified in the image. Thus, for example, the indexing
engine may generate index entries (e.g., stored in screen
capture index 172) for a captured image and captured
content. In some implementations the indexing engine may
be on a server, such as server 110, and the screen content
agent 160 may provide the captured image and captured
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content to the server. The index may be an inverted index,
where a key value (e.g., word, phrase, entity, image, logo,
etc.) is associated with a list of images (e.g., copies of the
captured screen images) that include the key value. The
index may include metadata (e.g., where on the captured
image the key value occurs, a rank for the key value for the
image, etc.) associated with each captured image in the list.
In some implementations, the index may also include a list
of captured images indexed by a timestamp. The indexing
engine may store the index in memory, for example in screen
capture index 172. Of course, in some implementations the
system may store the index in a user account on a server in
addition to or instead of on the computing device 150. The
user of the computing device 150 may control when the
screen content agent 160 is active. For example, the user
may specity that the screen content agent 160 is active only
when other specified applications 155 are running (e.g., only
when in a social media mobile application). The user may
also manually turn the screen content agent 160 on and off,
for example via a settings application. In some implemen-
tations, the user may invoke the screen content agent 160
with a gesture or action. Disabling the screen content agent
160 may also disable the prediction and maintenance of the
personalized entity repository described herein.

The computing device 150 may also include a set iden-
tification engine 162. The set identification engine 162 may
be configured to determine which sets of entities in the fixed
entity sets 132 should be included in the personalized entity
repository 176. The set identification engine 162 may use
information collected or generated by the screen content
agent 160 as well as a set prediction model 164 and set usage
parameters to determine which sets are potentially relevant
to the user and obtain those sets from the server 110. For
example, the set identification engine 162 may collect sig-
nals as input for the set prediction model 164. The signals
can include information and metadata such as device loca-
tion, a time of day, the state of various external devices in
communication with the client device 150, proximity to
other devices, information from content in a screen capture
image or a series of screen capture images, information from
the screen capture index 172 or search records for the user,
information in a user profile, etc. As explained above,
external devices such as appliances, televisions, personal
assistants, music devices, alarm systems, etc., may be con-
figured to communicate with and provide status information
to the client device 150 and the status information may be
included in the signals generated by the identification engine
162. The information used to generate signals may be stored
as metadata in the screen capture index 172 or generated/
collected at the time the set identification engine 162 deter-
mines the fixed sets of entities appropriate for the person-
alized entity repository 176.

As discussed earlier, the set prediction model 164 may be
a copy of set prediction model 122 or may be a personalized
version of set prediction model 122. When prediction model
164 is a personalized version, the set identification engine
162 may provide training examples from data stored on the
client device 150 or from a user profile associated with the
user of client device 150. For example, the training
examples may be generated using the screen capture index
172 or search records for the user 180. In some implemen-
tations, the client device, with user permission, may provide
updates to the set prediction model 122 on the server 110 so
that the set prediction model can learn from predictions
made over many client devices.

The set identification engine 162 may provide signals, for
example as a set of features, to the set prediction model 164
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in an inference mode. In response, the set prediction model
164 may then provide the identifiers of one or more pre-
dicted fixed sets of entities to the set identification engine
162. The set identification engine 162 may then rank the
predicted fixed sets of entities. The client device 150 may be
a device with a small form factor, which limits storage space
on the device. Accordingly, the set identification engine 162
may rank the predicted fixed sets of entities to determine
which fixed sets to include in personalized entity repository
176. In some implementations, the set identification engine
162 may work within set usage parameters selected by the
user of the client device. The set usage parameters may
include a maximum quantity of fixed sets to store on the
client device, a maximum amount of storage used by the
personalized entity repository 176, a minimum rank, or a
combination of these. If the quantity of predicted sets cannot
be accommodated on the client device 150, the set identi-
fication engine 162 may select as many of the highest ranked
sets as the set usage parameters accommodate.

In some implementations the ranking may be determined
by the set prediction model 164. In some implementations,
the set identification engine 162 may adjust rankings pro-
vided by the set prediction model 164. For example, if a
particular fixed set is needed by a web application the user
accesses often or has just installed, the set identification
engine 162 may boost the ranking of that particular fixed set.
The set identification engine 162 may also use metadata to
adjust rank. For example, if Alice and Ted are travelling and
have provided consent to share data, the client device for
Alice may determine that the client device of Ted already
has a particular fixed set included in the personalized entity
repository on his device. Accordingly, when the Alice’s
client device detects Ted’s device in close proximity, the set
identification engine 162 on Alice’s device may demote the
ranking of that particular fixed set on her device.

In some implementations, the set identification engine
162 may generate the ranking of predicted fixed sets on a
periodic basis or after some event, such as the install of a
new application, the activation of an application that has not
been used for a predetermined period of time, when the
available space changes, e.g., the device becomes low on
disk space (e.g., falls below a specified percentage) or some
action that frees up a specified percentage of space, when the
user changes location, etc. The set identification engine 162
may also update the personalized entity repository 176 in
response to the ranking. For example, the set identification
engine 162 may update the personalized entity repository
176 periodically, when an application using a particular
fixed set of entities is installed, or when a rank for a fixed set
of entities becomes more highly ranked that one of the sets
currently in the personalized entity repository 176. For
example, if Alice begins researching a trip to Hawaii,
eventually the set prediction model 164 will predict a fixed
slice related to Hawaii based on content (e.g., from screen
capture index 172 or search records) Alice has been viewing.
Because this set has previously never ranked high enough to
be included in personalized entity repository 176, once the
rank does exceed the rank of a set currently in the person-
alized entity repository 176 or when a change in rank
exceeds some predetermined threshold, the set identification
engine 162 may automatically update the personalized entity
repository 176 or may obtain approval from Alice before
including this particular set. Once Alice returns from Hawaii
or if she does not go and does not access content on Hawaii
for a period of time, the rank of the particular slice may fall,
e.g., fall below another slice not in the personalized entity
repository 176 or fall a predetermined percentage. This may
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trigger execution of the set identification engine 162 so that
another slice (i.e., another fixed set of entities) may take its
place in the personalized entity repository 176.

Updating the personalized entity repository 176 may be
accomplished in a variety of ways. In some implementa-
tions, the entire repository is deleted and replaced by fixed
sets selected based on a rank and the set usage parameters.
In some implementations, the set usage parameters may be
set and controlled by the user. In some implementations the
set identification engine 162 may determine whether a
particular fixed set that should be in the personalized entity
repository 176 already exists in the personalized entity
repository 176. If it does the set identification engine 162
may either do nothing or determine if the set has changed,
e.g., has been updated at server 110. If an update has
occurred the set identification engine 162 may download the
entire set or may download a delta to apply to the set. The
set identification engine 162 may delete sets from the
personalized entity repository 176 to make room for sets
with a higher rank.

The computing device 150 may be in communication with
the server 110 and with other mobile devices over network
140. Network 140 may be for example, the Internet, or the
network 160 can be a wired or wireless local area network
(LAN), wide area network (WAN), etc., implemented using,
for example, gateway devices, bridges, switches, and/or so
forth. Network 140 may also represent a cellular commu-
nications network. Via the network 140 the server 110 may
communicate with and transmit data to/from computing
device 140 and computing device 140 may communicate
with other mobile devices (not shown).

The personalized entity repository system 100 represents
one example configuration and implementations may incor-
porate other configurations. For example, some implemen-
tations may combine one or more of the components of the
screen content agent 160, the set identification engine 162,
or the set prediction model 164 into a single module or
engine. Similarly, some implementations may combine one
or more of the entity set generation engine 120 or the set
prediction model 122 into a single module or application. As
another example one or more of the data stores, such as the
screen capture index 172, the personalized entity repository
176, or user profiles on client device 150 or entity repository
130, fixed entity sets 132, search records 134, or crawled
document 136, may be combined into a single data store or
may distributed across multiple computing devices, or may
be stored at another location.

To the extent that the personalized entity repository
system 100 collects and stores user-specific data or may
make use of personal information, the users may be provided
with an opportunity to control collection of the user infor-
mation (e.g., information about a user’s social network,
social actions or activities, a user’s preferences, or a user’s
current location), or to control whether and/or how to store
screen capture images and content. For example, the system
may refrain from capturing content for certain applications,
such as banking applications, health applications, or other
similar applications or where capturing such content violates
terms of service. In addition, the user may be provided with
the opportunity to disable capturing screen content for
specific applications or categories of applications. In addi-
tion, certain data may be treated in one or more ways before
it is stored or used, so that personally identifiable informa-
tion is removed. For example, a user’s identity may be
treated so that no personally identifiable information can be
determined for the user, or a user’s geographic location may
be generalized where location information is obtained (such



US 12,108,314 B2

13

as to a city, ZIP code, or state level), so that a particular
location of a user cannot be determined. Thus, the user may
have control over how information is collected about the
user and used by a personalized entity repository system.

FIG. 2 illustrates an example display of a user interface
200 for specifying set usage parameters for a personalized
entity repository, in accordance with the disclosed subject
matter. The display may be a display of a mobile device or
other personal computing device, such as client device 150
of FIG. 1. In some implementations, the user interface may
be provided by the operating system of the client device or
may be provided by a particular application, e.g., from
applications 155 of FIG. 1. The user interface 200 includes
controls 205 for a content agent, such as content agent 160
of FIG. 1. The controls 205 may regulate whether and how
the content agent executes and what actions the content
agent performs. The user interface 200 may also include set
usage parameters for a personalized entity repository. The
set usage parameters may include one or more of a maxi-
mum storage 210, a maximum number of sets 215, or a
percent of storage 220. The maximum storage 210 may set
a limit on the amount of memory used by a personalized
entity repository, such as personalized entity repository 176
of FIG. 1. The client device may download and store fixed
sets of entities (slices) but not to exceed the maximum
storage 210.

The set usage parameters may also include maximum sets
215. The maximum sets 215 limits the number of fixed sets
of entities that the client device will include in the person-
alized entity repository. In other words, the client device
may download and store only a specified number of sets. The
percent of storage 220 may offer a flexible limit on the size
of'the personalized entity repository. For example, when the
client device has more memory, the percent of storage 220
parameter may allow a larger personalized entity repository,
but as space on the client device diminishes, the parameter
may limit the sets stored in the personalized entity reposi-
tory. The user interface 200 may also enable the user to
select a combination of set usage parameters, e.g., via
checkboxes, to turn on or off set usage parameters. Thus, the
user may control the size of the personalized entity reposi-
tory on their device, which in turn controls which slices are
included in the repository. The user interface 200 may also
include a control 225 that enables the user to specifically
select one or more sets of entities for inclusion in the
personalized entity model. When the user specifically uses
the control 225 to select a slice of the entity repository, the
system may rank the relevancy of that slice high, so that it
is always included in the personalized entity model.

FIG. 3 illustrates an example display 300 of content that
provides context for determining which sets are most rel-
evant to a user of the computing device, in accordance with
disclosed implementations. The display 300 may be a dis-
play of a mobile device or other computing device, such as
client device 150 of FIG. 1. In the example of FIG. 3, the text
“Alien Invaders” is selected. The selection may have been
made by a user or may have been made automatically by the
client device (e.g., a content agent or operation suggestion
application running on the client device). The system has
provided four suggested operations for the selection 305,
namely operation 340, which may be for a mobile applica-
tion that provides local movie times, a movie review opera-
tion 325, and a movie database operation 320. The user
interface may have selected operation 340, 325, and 320
based on identification of selection 305 as an entity that
exists in the personalized entity repository. Thus, the system
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may provide display 300 even without connection to a server
and to a server-based entity repository.

FIG. 4 illustrates an example display of a user interface
400 for suggesting additional slices for inclusion in a
personalized entity repository, in accordance with disclosed
implementations. The user interface 400 may be generated
on a mobile device or other computing device, such as client
device 150 of FIG. 1. In the example of FIG. 4, a user has
entered text into a search interface 405. Search interface 405
may be for a browser or a browser-like mobile application,
but could be from any search bar in any application. The
system may analyze the text provided to the search interface
405 and determine, e.g., via a set identification engine using
a set prediction model, that the text is highly relevant to a
topic-based fixed set of entities. The high relevancy may be
determined based on a high confidence score or probability
from the set prediction model. The high relevancy may be
based not only on the content of the user interface 400 by
also on previously presented content. For example, the user
may have been looking at hotels in Hawaii in a booking
application or may have been reading about things to see in
Hawaii. While the client device may not have an entity for
Hawaii in the current personalized entity repository, the set
prediction model may recognize several words or images
that predict the set. In some implementation, the set identi-
fication engine may be continuously analyzing text for
relevant models. In some implementations, the set identifi-
cation engine may be invoked during use of a search
interface.

When the probability of the fixed set of entities indicates
high relevancy, the system may automatically download and
store the fixed set of entities for Hawaii, also referred to as
the Hawaii slice. In some implementations, this may be a
location-based set for all entities located in Hawaii, or a
topic-based set, or a combination of these. In some imple-
mentations, the user interface may include confirmation
window 410. Confirmation window 410 may enable the user
to accept or reject the suggestion. If the user rejects the
suggestion, the system may not download the Hawaii slice.
If the user accepts the suggestion, the system may download
the Hawaii slice, and may remove one or more slices
currently in the personalized entity repository to make room
for the new slice, as explained in more detail with regard to
FIG. 7.

FIG. 5 illustrates another example display of a user
interface 500 for suggesting additional sets for inclusion in
a personal entity repository, in accordance with disclosed
implementations. The user interface 500 may be generated
on a mobile device or other computing device, such as client
device 150 of FIG. 1. In the example of FIG. 5, the user has
just installed a dining reservation application 505. In
response to the installation process the set identification
engine may determine that the application 505 has expressly
requested a particular fixed set of entities or, e.g., using a set
prediction engine, is likely to refer to the particular fixed set.
Accordingly, the user may be presented with confirmation
window 510. Similar to confirmation window 410, the
confirmation window 510 may provide the opportunity for
the user to elect to download the particular slice or to reject
the download. In some implementations, the application 505
may generate window 510. In some implementations (not
shown) the application installation process or the set iden-
tification engine may automatically download the particular
fixed set of entities.

FIG. 6 illustrates a flow diagram of an example process
600 for generating and updating fixed sets of entities, in
accordance with disclosed implementations. Process 600
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may be performed by a personalized entity repository sys-
tem, such as system 100 of FIG. 1. Process 600 may be used
to generate and maintain various slices of an entity reposi-
tory, i.e., fixed sets of entities. The entity repository may be
any large entity repository, for example entity repository 130
of FIG. 1. Process 600 may begin by generating location-
based sets of entities (605). A location-based set of entities
may be any entities in an entity repository that are located in
a particular cell. The cell may be defined by boundaries, for
example by lines connecting three or more geographic
coordinates. The cell may correspond to one or more geo
cells (e.g., cells defined by a map application). The system
may also generate topic-based fixed sets of entities (610).
Topic-based sets may be formed by clustering, by similarity
with or connection to a seed entity, by membership in a
collection, etc. The system may also generate functional sets
of entities (615). The functional sets may be combinations of
location-based sets and topic sets, may be based on use by
a particular application, may be based on popularity (i.e., the
most commonly searched for entities and/or those appearing
in the most crawled documents), may be based on a task or
action, etc. Steps 605 to 615 may be performed at an initial
time and to update sets. For example, at an initial time the
system may perform steps 605 to 615 to generate initial sets
of entities. Subsequently, the system may perform steps 605
to 615 to update the initial sets, add new sets, etc.

The system may version the fixed sets of entities. For
example, when format changes to the set would cause an
application that uses the sets to fail, the system may keep
older versions and generate a new version after the schema
change. In this manner, the system may handle schema
changes in a manner that does not cause errors on client
devices. Accordingly, the system may determine if the newly
generated sets include a schema change (620). If so, the
newly generated sets (e.g., from steps 605 to 615), may be
assigned a new version identifier (625). The version identi-
fier will enable applications that use the sets to correctly
download and use appropriate versions. No delta set is
needed when the updates involve a schema change. If there
is no schema change (620, No), the system may generate a
delta for each set (630). The deltas are used when the client
devices download just changes to fixed sets of entities rather
than doing a delete of all fixed sets in the personalized entity
model followed by storing the most recent sets of highest
ranked fixed entity sets for that device. A delta may be a list
of entities to remove and a list of entities to add. Thus, an
update to an entity, e.g., name change, metadata or attribute
change, etc., may be a delete of the entity followed by
reading the entity. Deltas enable the system to transmit less
data between the server where the sets are maintained and
the client devices where the sets are used. However, step 630
is optional, and may not be performed for all sets or for even
for any sets. For example, the client device, when updating
the personalized entity repository, may delete all currently
stored slices and fetch the desired slices (e.g., the predicted
slices that fall within set usage parameters) and store those
as the personalized entity model. Each fixed set of entities
may have a unique identifier. In some implementations, the
unique identifier may be a hash of the contents of the fixed
set. Process 600 then ends. Process 600 may be repeated
periodically to ensure the fixed sets of entities are current.

FIG. 7 illustrates a flow diagram of an example process
700 for building a personal entity repository using pre-
computed sets of entities, in accordance with disclosed
implementations. Process 700 may be performed by a per-
sonalized entity repository system, such as system 100 of
FIG. 1. Process 700 may be performed on a client device to
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determine which fixed set of entities or slices are included in
a personalized entity repository stored on the client device.
The client device may perform process 700 continuously, on
a periodic basis, upon network connectivity change, upon a
triggering event, such as installation of a new application, an
incoming phone call, addition of a new contact, etc., or user
request of a synchronization. Process 700 may be performed
by a set identification engine, such as set identification
engine 162.

Process 700 may begin by identifying fixed sets of entities
relevant to a user of a client device (705). The sets may be
fixed in the sense that the sets are determined prior to
performance of step 705 and not as part of step 705. In other
words, the sets are determined independently of any par-
ticular user or query to the entity repository. The sets
identified as part of step 705 are a much smaller subset than
the total number of fixed sets. The identification of the fixed
sets may be based, for example, on context associated with
the client device. For example a set prediction model may be
provided a set of features generated from a variety of signals
(i.e., context) that can include metadata and information
collected from content generated on the client device, for
example via a content agent, search history, user profiles,
etc. In some implementations the information used as a
signal may include information from devices in proximity to
the client device, e.g., from appliances or other computing
devices in an Internet of Things home, from other personal
computing devices associated with the user or the user’s
household, etc. Although such signals originate from another
device, the proximity is context associated with the client
device. In some implementations, the information may
include the location of the computing device, a timestamp,
content in a search history for the user, content in a screen
capture index, content associated with a user profile, the
applications installed on the client device, an activity per-
formed by the user (e.g., changing device settings, installing
an application), etc. The signals may be provided to the set
prediction model, such as set prediction model 122 or set
prediction model 164, which may in turn provide one or
more predicted fixed sets of entities. The fixed sets of entities
identified in step 705 may also be based on a location of the
device, applications installed on the device, tasks or activi-
ties commonly performed on the device, etc.

The system may then rank the identified fixed sets of
entities by relevancy (710). The relevancy may be based on
the probability score provided by the set prediction model.
In some implementations, the system may adjust that prob-
ability based on other information, such as location of the
device, time of day, other devices in proximity, etc. For
example, if two traveling companions have linked their
devices, the device of the first companion may determine,
e.g., via device to device signaling, that the device of the
second companion has a particular slice of the entity reposi-
tory stored and the device of the first companion may
demote the relevancy of that slice, e.g., because one of the
two devices already has that slice of the entity repository
stored in the personalized entity repository. As another
example, the user’s device may have a particular application
that requires a particular slice of the entity repository and the
system may boost the relevancy of that particular slice. As
another example, the system may boost the relevancy of a
slice that is specified by the user, e.g., via control 225 of FIG.
2. For location-based fixed sets of entities, the system may
set a relevancy score for the set based on the distance of the
client device from the cell represented by the set. For
example, when a client device is located within the cell, the
relevancy may be very high. The relevancy of other cells
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may be based on the distance between a center of the cell and
the current location of the client device, so that longer
distances produce lower relevancy.

The system may determine selected sets for the person-
alized entity repository based on the set usage parameters
and the ranks (715). In some implementations, the system
may determine a relevancy threshold based on the set usage
parameters and the ranks of the fixed entity sets identified as
relevant to the user. Any sets with a relevancy score that
meets the threshold may be included in the sets selected for
the personalized entity repository. FIG. 9 is another example
of' the selection of the sets based on the set usage parameters
and rank. The system may then determine whether the
personalized entity repository needs to be updated (720). For
example, if the selected fixed sets of entities are the same as
the sets currently included in the personalized entity reposi-
tory, but the system has not recently checked for updates,
then the system may update the repository (720, Yes). As
another example, if the system has been notified of an update
to one of the fixed sets in the selected sets, the system may
update the repository (720, Yes). If a fixed set of entities is
in the selected sets but not currently in the personalized
entity repository, the system may update the repository (720,
Yes). If the system does not need to update the repository
(720, No), process 700 ends.

If the system does update the repository (720, Yes), the
system may select a highest ranked set of the selected sets
(725). For ease of explanation this highest ranked set may be
referred to as the first set. The system may determine if this
first set is already in the personalized entity repository (730).
If it is in the repository (730, Yes), the system may update
the first set on the client device, if an update is needed (735).
The system may determine if an update is needed by either
pulling the first set from the server or by notification from
the server that an update exists. The update may be in the
form of a delta, e.g., a list of entities to delete and a list of
entities to add to the fixed set. If the first set is not in the
personalized entity repository (730, No), the system may
determine if the personal entity repository has room for the
first set (740). For example, the personal entity repository
may have a limit on the number of sets in the repository or
the memory used by the repository, or both. If the addition
of' the first set would exceed the limits (740, No), the system
may determine whether there is a fixed set currently in the
personalized entity repository that can be deleted (745). A
set that is currently in the personalized entity repository can
be deleted if it is not in the selected fixed sets of entities, i.e.,
those identified in step 715. A set can also be deleted if it has
a lower rank that the first set. If there is a set to delete (745,
Yes), the system may delete the set from the personalized
entity repository (750) and return to step 740. If no sets can
be deleted (745, No), process 700 may end.

When there is room for the first set in the personalized
entity repository (740, yes), the system may add the first set
to the personalized entity repository on the mobile device
(755). The system may then determine whether there is a
next highest ranked set in the selected sets (760). If there is
a next highest set (760, Yes), the system may perform steps
725 to 760 for the next set. This next set then becomes the
first set for the ease of explanation. Thus, for example, the
system may determine if the next set, i.e., now the first set,
is already in the personalized entity repository (730), etc.
When all sets in the selected sets have been processed via
steps 730 to 760 (760, No), the system has updated the
personalized entity repository and process 700 ends.

FIG. 8 illustrates a flow diagram of an example process
800 for identifying fixed sets of entities relevant to a user of
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a client device, in accordance with disclosed implementa-
tions. Process 800 may be performed by a personalized
entity repository system, such as system 100 of FIG. 1.
Process 800 may be performed on a client device as part of
step 705 of FIG. 7 to determine which fixed set of entities
or slices are relevant to a user. Process 800 begins by
determining a location of the client device (805). The
location may be expressed as coordinates, e.g., Global
Positioning System (GPS) coordinates, or as the identifier of
a geo cell, or some other methods of expressing a location
on the Earth. The system may assign the relevancy of a
location-based fixed set of entities based on the distance
from the client device to the cell represented by the location-
based fixed set (810). The distance may be measured from
the location of the client device to a center of the cell. The
relevancy may also have an inverse relationship to the
distance, so that a shorter distance has a higher relevancy.
When the client device is located in a cell for a particular
fixed set of entities, the particular fixed set of entities may
receive a highest relevancy score.

The system may also determine topic-based fixed sets of
entities that are relevant to the user (815). The topic-based
sets may be determined with a set prediction model, such as
set prediction model 164 or set prediction model 122, that
provides one or more identifiers for fixed sets of entities that
are predicted based on features. The features may be based
on a number of information items, such as the location of the
device, content in search records, a user profile, or screen
capture content, data from devices in proximity to the client
device, e.g., exchanging data with the client device, a
timestamp, applications installed or executing at the time,
etc. The system may set the relevancy score of each topic-
based fixed set of entities to a similarity with an embedding
for the user of the client device (820). In some implemen-
tations, the similarity may be the probability associated with
the fixed set provided by the set prediction model. The
system may also determine functional fixed sets of entities
(825). The functional sets may be entities deemed most
popular, e.g., most commonly searched for entities, most
commonly accessed entities, entities found most often in
crawled documents, etc. The functional sets may also
include entities used for a particular task, action, or appli-
cation. For example, a functional set may include entities
that enable the device to perform OCR in a particular
language, or that are used by an art appreciation application,
etc. Functional sets may also include combinations of loca-
tion-based and topic-based sets, for example, movie theaters
in Portland Oregon or national monuments in Washington
D.C. In some implementations, the system may use entity
popularity as a relevancy score for a functional fixed set of
entities. In some implementations, a fixed set may be ranked
high based on an application that the user has installed.
Process 800 then ends, having identified fixed sets of entities
relevant to the user of the computing device and assigning
a relevance score to each set.

FIG. 9 illustrates a flow diagram of an example process
900 for selecting fixed sets of entities from fixed sets of
entities relevant to a user of a client device based on set
usage parameters, in accordance with disclosed implemen-
tations. Process 900 may be performed by a personalized
entity repository system, such as system 100 of FIG. 1.
Process 900 may be performed on a client device as part of
step 715 of FIG. 7 to determine which fixed set of entities
or slices that are relevant to the user are selected for
inclusion in a personal entity repository based on set usage
parameters and rank. Process 900 begins by initializing set
count and model size variables. The set count may be set to
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zero and the repository size may also be set to zero. The
system may then select from the fixed sets identified as
relevant the fixed set with the highest rank (910). The system
may determine whether the set usage parameters include a
quantity parameter (915). The quantity parameter is the
maximum sets 215 of FIG. 2 and represents a limit on the
number of fixed sets that can be in the personalized entity
repository. If there is a quantity parameter (915, Yes), the
system may increase the set count (920) by one. The system
may then determine if the set count is greater than the
quantity parameter (925). If it is, process 900 may end
because the fixed set would go beyond the limits represented
by the set usage parameters. However, for the highest ranked
set, the set count is not greater than the quantity parameter
(925, No), so the system continues with step 930.

The system determines if the set usage parameters include
a space parameter (930). The space parameter may be
expressed as a specified amount of memory (e.g., maximum
storage 210 of FIG. 2) or a percentage of available memory
(e.g., percentage of storage 220 of FIG. 2), or a combination
of these. If the set usage parameters do include a space
parameter (930, Yes), the system may add the size of the
fixed set being examined to the repository size (953). The
size may be known or may be estimated, for example, based
on an average size of fixed sets of entities. The system may
determine whether the repository size is greater than the
space parameter (940). If it is (940, Yes), process 900 ends
because the fixed set would violate a limit established by the
set usage parameters. Otherwise (940, No), the system ads
the set to the selected sets (945). The selected sets are the
highest ranked fixed sets identified as relevant to the user
that also meet limits established by the set usage parameters.
Ifthere is another set in the identified sets (e.g., the fixed sets
identified as relevant to the user), 950, Yes, the system may
select the next highest ranked set (955) and continue with
steps 915 to 950 ad described above. If no other sets exist in
the identified sets (950, No), process 900 ends, having
identified sets to be included in the repository based on the
set usage parameters.

FIG. 10 shows an example of a generic computer device
1000, which may be operated as server 110, and/or client
device 150 of FIG. 1, which may be used with the techniques
described here. Computing device 1000 is intended to rep-
resent various example forms of computing devices, such as
laptops, desktops, workstations, personal digital assistants,
cellular telephones, smartphones, tablets, servers, and other
computing devices, including wearable devices. The com-
ponents shown here, their connections and relationships, and
their functions, are meant to be examples only, and are not
meant to limit implementations of the inventions described
and/or claimed in this document.

Computing device 1000 includes a processor 1002,
memory 1004, a storage device 1006, and expansion ports
1010 connected via an interface 1008. In some implemen-
tations, computing device 1000 may include transceiver
1046, communication interface 1044, and a GPS (Global
Positioning System) receiver module 1048, among other
components, connected via interface 1008. Device 1000
may communicate wirelessly through communication inter-
face 1044, which may include digital signal processing
circuitry where necessary. Each of the components 1002,
1004,1006,1008, 1010, 1040, 1044, 1046, and 1048 may be
mounted on a common motherboard or in other manners as
appropriate.

The processor 1002 can process instructions for execution
within the computing device 1000, including instructions
stored in the memory 1004 or on the storage device 1006 to
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display graphical information for a GUI on an external
input/output device, such as display 1016. Display 1016 may
be a monitor or a flat touchscreen display. In some imple-
mentations, multiple processors and/or multiple buses may
be used, as appropriate, along with multiple memories and
types of memory. Also, multiple computing devices 1000
may be connected, with each device providing portions of
the necessary operations (e.g., as a server bank, a group of
blade servers, or a multi-processor system).

The memory 1004 stores information within the comput-
ing device 1000. In one implementation, the memory 1004
is a volatile memory unit or units. In another implementa-
tion, the memory 1004 is a non-volatile memory unit or
units. The memory 1004 may also be another form of
computer-readable medium, such as a magnetic or optical
disk. In some implementations, the memory 1004 may
include expansion memory provided through an expansion
interface.

The storage device 1006 is capable of providing mass
storage for the computing device 1000. In one implemen-
tation, the storage device 1006 may be or include a com-
puter-readable medium, such as a floppy disk device, a hard
disk device, an optical disk device, or a tape device, a flash
memory or other similar solid state memory device, or an
array of devices, including devices in a storage area network
or other configurations. A computer program product can be
tangibly embodied in such a computer-readable medium.
The computer program product may also include instruc-
tions that, when executed, perform one or more methods,
such as those described above. The computer- or machine-
readable medium is a storage device such as the memory
1004, the storage device 1006, or memory on processor
1002.

The interface 1008 may be a high speed controller that
manages bandwidth-intensive operations for the computing
device 1000 or a low speed controller that manages lower
bandwidth-intensive operations, or a combination of such
controllers. An external interface 1040 may be provided so
as to enable near area communication of device 1000 with
other devices. In some implementations, controller 1008
may be coupled to storage device 1006 and expansion port
1014. The expansion port, which may include various com-
munication ports (e.g., USB, Bluetooth, Ethernet, wireless
Ethernet) may be coupled to one or more input/output
devices, such as a keyboard, a pointing device, a scanner, or
a networking device such as a switch or router, e.g., through
a network adapter.

The computing device 1000 may be implemented in a
number of different forms, as shown in the figure. For
example, it may be implemented as a standard server 1030,
or multiple times in a group of such servers. It may also be
implemented as part of a rack server system. In addition, it
may be implemented in a computing device, such as a laptop
computer 1032, personal computer 1034, or tablet/smart
phone 1036. An entire system may be made up of multiple
computing devices 1000 communicating with each other.
Other configurations are possible.

FIG. 11 shows an example of a generic computer device
1100, which may be server 110 of FIG. 1, which may be used
with the techniques described here. Computing device 1100
is intended to represent various example forms of large-scale
data processing devices, such as servers, blade servers,
datacenters, mainframes, and other large-scale computing
devices. Computing device 1100 may be a distributed sys-
tem having multiple processors, possibly including network
attached storage nodes, that are interconnected by one or
more communication networks. The components shown
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here, their connections and relationships, and their func-
tions, are meant to be examples only, and are not meant to
limit implementations of the inventions described and/or
claimed in this document.

Distributed computing system 1100 may include any
number of computing devices 1180. Computing devices
1180 may include a server or rack servers, mainframes, etc.
communicating over a local or wide-area network, dedicated
optical links, modems, bridges, routers, switches, wired or
wireless networks, etc.

In some implementations, each computing device may
include multiple racks. For example, computing device
1180¢ includes multiple racks 1158a-1158%. Each rack may
include one or more processors, such as processors 1152a-
11527 and 1162a-1162n. The processors may include data
processors, network attached storage devices, and other
computer controlled devices. In some implementations, one
processor may operate as a master processor and control the
scheduling and data distribution tasks. Processors may be
interconnected through one or more rack switches 1158, and
one or more racks may be connected through switch 1178.
Switch 1178 may handle communications between multiple
connected computing devices 1100.

Each rack may include memory, such as memory 1154
and memory 1164, and storage, such as 1156 and 1166.
Storage 1156 and 1166 may provide mass storage and may
include volatile or non-volatile storage, such as network-
attached disks, floppy disks, hard disks, optical disks, tapes,
flash memory or other similar solid state memory devices, or
an array of devices, including devices in a storage area
network or other configurations. Storage 1156 or 1166 may
be shared between multiple processors, multiple racks, or
multiple computing devices and may include a computer-
readable medium storing instructions executable by one or
more of the processors. Memory 1154 and 1164 may
include, e.g., volatile memory unit or units, a non-volatile
memory unit or units, and/or other forms of computer-
readable media, such as a magnetic or optical disks, flash
memory, cache, Random Access Memory (RAM), Read
Only Memory (ROM), and combinations thereof. Memory,
such as memory 1154 may also be shared between proces-
sors 11524-1152x. Data structures, such as an index, may be
stored, for example, across storage 1156 and memory 1154.
Computing device 1100 may include other components not
shown, such as controllers, buses, input/output devices,
communications modules, etc.

An entire system, such as server 110, may be made up of
multiple computing devices 1100 communicating with each
other. For example, device 1180a¢ may communicate with
devices 11805, 1180c, and 11804, and these may collectively
be known as server 110. As another example, system 100 of
FIG. 1 may include one or more computing devices 1100.
Some of the computing devices may be located geographi-
cally close to each other, and others may be located geo-
graphically distant. The layout of system 1100 is an example
only and the system may take on other layouts or configu-
rations.

According to certain aspects of the disclosure, a mobile
device comprises a display device, a personalized entity
repository stored in memory, the personalized entity reposi-
tory including a plurality of fixed sets of entities from an
entity repository stored at a server, wherein each fixed set
has a respective identifier and includes information about the
entities in the set, at least one processor, and memory storing
instructions that, when executed by the at least one proces-
sor, cause the mobile device to perform operations. The
operation include identifying fixed sets of the entity reposi-
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tory that are relevant to a user of the mobile device based on
context associated with the mobile device, ranking the fixed
sets by relevancy, determining selected sets from the iden-
tified fixed sets using the rank and set usage parameters
applicable to the user, and updating the personalized entity
repository using the selected sets.

This and other aspects can include one or more of the
following features. For example, updating the personalized
entity repository may occur responsive to determining that a
first fixed set of the identified fixed sets does not exist in the
personalized entity repository. As another example, updating
the personalized entity repository can include removing a set
in the personalized entity repository that is not a selected set.
As another example, the set usage parameters can include a
quantity of fixed sets and/or an amount of memory allocated
to the personalized entity repository, the amount being set by
the user. As another example, the plurality of fixed sets
stored in the personalized entity repository can include
location sets, wherein entities in a location set are located in
a same cell. As another example, the plurality of fixed sets
stored in the personalized entity repository includes topic
sets, wherein entities in a topic set are entities clustered
together based on entity characteristics. In some implemen-
tations, the rank of a first topic set is a rank assigned by a
prediction model based on items recognized in content
generated for display on the display device. As another
example, updating the personalized entity repository can
include adding a fixed set that does not currently exist in the
personalized entity repository and using a delta of a fixed set
that exists in the personalized entity repository.

As another example, the operations may also include
identifying an entity in content generated for display on the
display device using the personalized entity repository. As
another example, each of the plurality of sets has a version
identifier, the version identifier changing when an update to
a particular set breaks a schema of the personalized entity
repository. As another example, the operations may also
include initiate display of information that identifies a first
fixed set from the selected sets and a control configured to
enable the user to accept instillation of the first fixed set and
download the first fixed set and add it to the personalized
entity repository when the user accepts installation. As
another example, identifying fixed sets of the entity reposi-
tory that are relevant to the user based on the context can
include determining a location of the mobile device and
using the location to determine location-based fixed sets
relevant to the user, using a set prediction model to identify
topic-based sets relevant to the user, and determining sets
identified by at least one application installed on the mobile
device. As another example, identifying fixed sets of the
entity repository that are relevant to the user based on the
context can include determining content previously viewed
on the mobile device and providing the content previously
viewed to a set prediction model configured to predict at
least one topic-based set from the content previously viewed
and/or determining recent searches conducted on the mobile
device and providing the content from the recent searches to
a set prediction model configured to predict at least one
topic-based set from the content. As another example, iden-
tifying fixed sets of the entity repository that are relevant to
the user based on the context can include determining an
activity performed by the user of the mobile device and
predicting a fixed set of entities based on the activity.

According to certain aspects of the disclosure, a method
includes receive a screen captured image configured to
display content on a display of a mobile device, determining
text in the image by performing text recognition on the
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image, providing the text to a set prediction model, wherein
the set prediction model is trained to predict one or more
fixed sets of entities, and storing at least one fixed set of
entities of the predicted fixed sets of entities in a personal-
ized entity repository in memory on the mobile device.

These and other aspects can include one or more of the
following features. For example, the method may also
include identifying entities in screen capture images using
the personalized entity repository. The method may also
include determining a location associated with content rec-
ognized in a screen capture image, provide the location to
the set prediction model, the set prediction model predicting
at least one location-based fixed set of entities based on the
location, and storing the location-based fixed set of entities
in the personalized entity repository. As another example,
the prediction model may predict a plurality of predicted
fixed sets of entities and the method also includes ranking
each of the predicted fixed sets of entities, using set usage
parameters and the rankings to determine selected fixed sets
of entities from the predicted fixed sets of entities and
storing the selected fixed sets of entities in the personalized
entity repository.

According to certain aspects of the disclosure, a method
may include generating a plurality of fixed sets of entities
from an entity repository. The fixed sets include location-
based sets, each location-based set including entities from
the entity repository that have a location inside a cell, the cell
being associated with the set, and topic-based sets, at least
some of the topic-based sets including entities from the
entity repository that are related to each other via an embed-
ding similarity. The method may also include providing a
subset of the fixed sets of entities to a client device, the client
device requesting the subset based on a location of the client
device and on recognized items identified in content gener-
ated for display on the client device.

These and other aspects can include one or more of the
following features. For example, the method may also
include identifying at least one entity added to the entity
repository, determining at least one fixed set that the added
entity belongs to, and generating a delta for the at least one
fixed set that includes the added entity. As another example,
the method may also include identifying at least one entity
added to the entity repository, determining at least one fixed
set that the added entity belongs to, determining that a
schema of the fixed sets has changed, and generating a new
version of the at least one fixed set, the new version
including the added entity and having a new version iden-
tifier. As another example, at least some of the topic-based
sets may include entities similar to a seed entity and/or the
fixed sets may also include functional sets, at least one of the
functional sets including entities deemed most popular.

Various implementations can include implementation in
one or more computer programs that are executable and/or
interpretable on a programmable system including at least
one programmable processor, which may be special or
general purpose, coupled to receive data and instructions
from, and to transmit data and instructions to, a storage
system, at least one input device, and at least one output
device.

These computer programs (also known as programs,
software, software applications or code) include machine
instructions for a programmable processor, and can be
implemented in a high-level procedural and/or object-ori-
ented programming language, and/or in assembly/machine
language. As used herein, the terms “machine-readable
medium” “computer-readable medium” refers to any non-
transitory computer program product, apparatus and/or
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device (e.g., magnetic discs, optical disks, memory (includ-
ing Read Access Memory), Programmable Logic Devices
(PLDs)) used to provide machine instructions and/or data to
a programmable processor.

The systems and techniques described here can be imple-
mented in a computing system that includes a back end
component (e.g., as a data server), or that includes a middle-
ware component (e.g., an application server), or that
includes a front end component (e.g., a client computer
having a graphical user interface or a Web browser through
which a user can interact with an implementation of the
systems and techniques described here), or any combination
of'such back end, middleware, or front end components. The
components of the system can be interconnected by any
form or medium of digital data communication (e.g., a
communication network). Examples of communication net-
works include a local area network (“LLAN”), a wide area
network (“WAN”), and the Internet.

The computing system can include clients and servers. A
client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other.

A number of implementations have been described. Nev-
ertheless, various modifications may be made without
departing from the spirit and scope of the invention. In
addition, the logic flows depicted in the figures do not
require the particular order shown, or sequential order, to
achieve desirable results. In addition, other steps may be
provided, or steps may be eliminated, from the described
flows, and other components may be added to, or removed
from, the described systems. Accordingly, other implemen-
tations are within the scope of the following claims.

What is claimed is:

1. A method implemented by one or more processors, the
method comprising:

determining that each of multiple user interactions via a

user device relate to a particular topic;

determining, based on the multiple user interactions that

each relate to the particular topic, a confidence score for
a topic-based set of entities for the particular topic;
in response to the confidence score for the topic-based set
of entities satisfying a threshold:
causing an interactive prompt, related to the topic-
based set of entities, to be rendered at the user
device;
in response to an acceptance user interaction with the
interactive prompt at the user device:
causing the user device to download the topic-based set
of entities; and
subsequent to causing the user device to download the
topic-based set of entities:
identifying an additional user interaction via the user
device related to an application that is currently
running on the user device;
determining that the additional user interaction is
associated with at least one entity from the topic-
based set of entities;
selecting, based on determining that the additional
user interaction is associated with at least one
entity from the topic-based set of entities, one or
more actions to suggest to a user of the user
device; and
causing the user device to display one or more
suggested actions based on the one or more
selected actions; and
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in response to a rejection user interaction with the inter-
active prompt at the user device:
refraining from causing the user device to download the
topic-based set of entities.

2. The method of claim 1, wherein the one or more
suggested actions that are displayed are each associated with
a corresponding different application that is different from
the application related to the additional user interaction.

3. The method of claim 1, wherein each of the one or more
suggested actions is associated with at least one additional
corresponding entity from the topic-based set of entities.

4. The method of claim 1, wherein determining that each
of the multiple user interactions via the user device relate to
the particular topic comprises:

generating multiple embeddings for the multiple user

interactions, each of the multiple embeddings being

generated based on one or more of:

an application currently in use by the user during a
respective one of the multiple user interactions,

screen metadata indicating content displayed on a
screen of the user device during the respective one of
the multiple user interactions, and/or

content associated with recent search queries submitted
by the user as indicated by a search log;

comparing the multiple embeddings to a plurality of topic

embeddings; and

determining, based on the comparing, that each of the

multiple user interactions via the user device relate to
the particular topic.

5. The method of claim 1, wherein determining that each
of the multiple user interactions via the user device relate to
the particular topic comprises:

generating multiple embeddings for the multiple user

interactions, each of the multiple embeddings being
generated based on content associated with recent
search queries submitted by the user as indicated by a
search log;

comparing the multiple embeddings to a plurality of topic

embeddings; and

determining, based on the comparing, that each of the

multiple user interactions via the user device relate to
the particular topic.
6. The method of claim 1, wherein determining that each
of the multiple user interactions via the user device relate to
the particular topic comprises:
generating multiple embeddings for the multiple user
interactions, each of the multiple embeddings being
generated based on screen metadata indicating content
displayed on a screen of the user device during the
respective one of the multiple user interactions;

comparing the multiple embeddings to a plurality of topic
embeddings; and

determining, based on the comparing, that each of the

multiple user interactions via the user device relate to
the particular topic.

7. The method of claim 1, wherein determining the
confidence score for the topic-based set of entities for the
particular topic comprises:

determining the confidence score using a trained set

prediction model and features related to one or more of
the multiple user interactions.

8. A system comprising:

one or more computing devices and more or more storage

devices storing instructions that are operable, when
executed by the one or more computing devices, to
cause the one or more computing devices to perform
operations comprising:
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determining that each of multiple user interactions via
a user device relate to a particular topic;
determining, based on the multiple user interactions
that each relate to the particular topic, a confidence
score for a topic-based set of entities for the particu-
lar topic;
in response to the confidence score for the topic-based
set of entities satisfying a threshold:
causing an interactive prompt, related to the topic-
based set of entities, to be rendered at the user
device;
in response to an acceptance user interaction with the
interactive prompt at the user device:
causing the user device to download the topic-based
set of entities; and
subsequent to causing the user device to download
the topic-based set of entities:
identifying an additional user interaction via the
user device related to an application that is
currently running on the user device;
determining that the additional user interaction is
associated with at least one entity from the
topic-based set of entities;
selecting, based on determining that the additional
user interaction is associated with at least one
entity from the topic-based set of entities, one
or more actions to suggest to a user of the user
device; and
causing the user device to display one or more
suggested actions based on the one or more
selected actions; and
in response to a rejection user interaction with the
interactive prompt at the user device:
refraining from causing the user device to download
the topic-based set of entities.

9. The system of claim 8, wherein the one or more
suggested actions displayed are each associated with a
corresponding different application that is different from the
application related to the additional user interaction.

10. The system of claim 8, wherein each of the one or
more suggested actions is associated with at least one
additional corresponding entity from the topic-based set of
entities.

11. The system of claim 8, wherein determining that each
of multiple user interactions via a user device relate to a
particular topic comprises:

generating multiple embeddings for the multiple user

interactions, each of the multiple embeddings being

generated based on one or more of:

an application currently in use by the user during a
respective one of the multiple user interactions,

screen metadata indicating content displayed on a
screen of the user device during the respective one of
the multiple user interactions, and/or

content associated with recent search queries submitted
by the user as indicated by a search log;

comparing the multiple embeddings to a plurality of topic

embeddings; and

determining, based on the comparing, that each of the

multiple user interactions via the user device relate to
the particular topic.

12. The system of claim 8, wherein determining that each
of multiple user interactions via a user device relate to a
particular topic comprises:

generating multiple embeddings for the multiple user

interactions, each of the multiple embeddings being
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generated based on content associated with recent
search queries submitted by the user as indicated by a
search log;
comparing the multiple embeddings to a plurality of topic
embeddings; and 5

determining, based on the comparing, that each of the
multiple user interactions via the user device relate to
the particular topic.

13. The system of claim 8, wherein determining that each
of multiple user interactions via a user device relate to a 10
particular topic comprises:

generating multiple embeddings for the multiple user

interactions, each of the multiple embeddings being
generated based on an application currently in use by
the user during a respective one of the multiple user 15
interactions;

comparing the multiple embeddings to a plurality of topic

embeddings; and

determining, based on the comparing, that each of the

multiple user interactions via the user device relate to 20
the particular topic.

14. The system of claim 8, wherein determining the
confidence score for the topic-based set of entities for the
particular topic comprises:

determining the confidence score using a trained set 25

prediction model and features related to one or more of
the multiple user interactions.
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